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0RVWJUDSKLFDODXWKHQWLFDWLRQV\VWHPVDUHEDVHGRQHLWKHUUHFRJQLWLRQRUUHFDOO>@,QUHFRJQLWLRQEDVHGV\VWHPVD
XVHUPXVWUHFRJQL]HLPDJHVFKRVHQGXULQJUHJLVWUDWLRQSKDVHIURPDEXONLHUJURXSRIGHFR\LPDJHV7KHUHFDQEH
RQO\SRVVLELOLWLHVWKDWWKHLPDJHLVUHFRJQL]HGRUXQNQRZQ>@,QUHFDOOEDVHGSDVVZRUGV\VWHPVXVHUVPXVWFOLFN
RQ VHYHUDO DUHDV FKRVHQ DW WKH WLPH RI UHJLVWUDWLRQ LQ DQ LPDJH FXHG E\ YLHZLQJ WKH LPDJH ,W LV NQRZQ WKDW
UHFRJQLWLRQPHPRU\LVEHWWHUWKDQXQDLGHGUHFDOO>@

)XUWKHUPRUHSV\FKRORJLFDO VWXGLHV VKRZ WKDW LPDJHV DUH UHFRJQL]HGZLWKYHU\KLJK DFFXUDF\ XS WRSHU FHQW
DIWHU D WZR KRXU GHOD\ZKLFK LVPXFK KLJKHU WKDQ DFFXUDF\ IRUZRUGV DQG VHQWHQFHV >@ +HQFHZH SURSRVH D
VFKHPHWR LPSURYHVRPHUHFRJQLWLRQEDVHGV\VWHPVZKLFKQRWRQO\UHGXFH WKH WKUHDWRIVKRXOGHUVXUILQJEXWDOVR
KDV DQ DGGHG EHQHILW RI H[SHGLWLRXV UHFRJQLWLRQ DQG XVDELOLW\ WKXV UHGXFLQJ VRPH IODZV RI UHFRJQLWLRQ EDVHG
V\VWHPV

7KHSDSHUGLVFXVVHVUHODWHGZRUNLQWKHILHOGRISDVVZRUGDXWKHQWLFDWLRQIROORZHGE\WKHGHVFULSWLRQRIWKHSURSRVHG
VFKHPH7KHIXWXUHZRUNDQGGHYHORSPHQWLQWKHSURSRVHGV\VWHPFRQFOXGHVWKHSDSHU
5HODWHG:RUN
6RPHRIWKHJUDSKLFDOSDVVZRUGV\VWHPVDUHJLYHQEHORZ
 3DVVIDFHV70>@

,WLVDFRPPHUFLDOSURGXFWE\3DVVIDFHV&RUSRUDWLRQ,WUHTXLUHVXVHUWRVHOHFWSUHYLRXVO\VHHQKXPDQIDFHV
SLFWXUHDVSDVVZRUG'XULQJWKHORJLQSURFHVVWKHXVHULVUHTXLUHGWRFKRRVHWKHFRUUHFWIDFHRXWRIRWKHU
IDFHVWRORJLQ+RZHYHUVXFKV\VWHPVDUHHDVLO\DQWLFLSDWHGDVWKH\DUHDIIHFWHGE\UDFHJHQGHUDQG
DWWUDFWLYHQHVV

)LJ3DVVIDFHV70SDVVIDFHV70

 3DWWHUQ/RFN>@

1LQHSRLQWV DUHSUHVHQWHG WR WKHXVHU+H LV VXSSRVHG WR IRUPDSDWWHUQE\ VHOHFWLQJDOORU VRPHRI WKHVH
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SRLQWV7KLVSDWWHUQLVUHJLVWHUHGDQGHYHU\WLPHWKHXVHUZDQWVWRORJLQKHVKRXOGHQWHUWKHVDPHSDVVZRUG
E\ MRLQLQJ WR SRLQWV ,I WKH SDWWHUQ IRUPHG LV FRUUHFW WKH XVHU LV JUDQWHG IXUWKHU DFFHVV 7KLV VFKHPH LV
FRPPRQO\XVHGLQVPDUWSKRQHV


)LJ3DWWHUQ/RFNIUHHDQLPDWLRQKXE

 -HQVHQHWDO0HWKRG>@

%DVHGRQLPDJHVHOHFWLRQDQXPHULFDOVHTXHQFHLVUHJLVWHUHGWRIRUPDSDVVZRUG$WORJLQWLPHXVHUKDVWR
UHFRJQL]HVDPHLPDJHVLQVDPHVHTXHQFHDWORJLQWLPH0DLQIODZZDVWKDWSDVVZRUGVSDFHZDVVPDOOVLQFH
WKHQRRILPDJHVZHUHOLPLWHGWR

)LJ&DWVDQGGRJVWKHPH
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
 'KDPLJDDQG3HUULJ0HWKRG>@

'KDPLJD DQG 3HUULJ SURSRVHG D VFKHPH FDOOHG ³'pMj YX´ ,W LV EDVHG RQ KXPDQ DELOLW\ WR UHPHPEHU
SUHYLRXVO\VHHQSLFWXUHV8VHUKDVWRVHOHFWIHZSLFWXUHVIURPDVHWRISUHYLRXVO\8VHUKDVWRSHUIRUPVDPH



)LJ'KDPLJDDQG3HULJ0HWKRG

DW ORJLQ WLPH$OO DEVWUDFW LPDJHVZHUH JHQHUDWHGXVLQJ$QGUHM%DXHU¶V UDQGRP$UW7KH\ VKRZHG 
VXFFHVVUDWHXVLQJ³'pMjYX´ZKLOHRQO\XVLQJWH[WEDVHGSDVVZRUGDQGSLQV3HUKDSVVKRXOGHUVXUILQJ
SUREOHPLVRQHRIWKHELJJHVWSUREOHPIRUH[LVWLQJJUDSKLFDODXWKHQWLFDWLRQ,IDSHUVRQREVHUYHVDIHZORJLQ
URXQGVFDQGHGXFH WKHSDVVZRUG7KHPHWKRGVWDWHG OHDNV WKHSDVVLPDJHV WRDQ\ERG\ZDWFKLQJ WKH ORJLQ
VFUHHQ'XH WRVXVFHSWLELOLW\ WRVXFKDWWDFNVJUDSKLFDOSDVVZRUGVFRXOGQHYHUEHXVHGLQVLWXDWLRQVZKHUH
WKH ORJLQ LV WREHGRQH LQ WKHSUHVHQFHRISHRSOHRWKHU WKDQ WKHXVHUV+RZHYHU LW LV IHDVLEOH WRGHYHORS
VFKHPHVWRLPSHGHWKHVKRXOGHUVXUILQJSUREOHPV


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 3LFW2/RFN>@



)LJ3LFW2/RFN

,QWKLVVFKHPHHDFKZRUGRUFKDUDFWHURIDSDVVZRUGZDVDVVRFLDWHGZLWKDSDVVLPDJHREMHFW)RUH[DPSOH
LIWKHSDVVZRUGKDVD³´WKHQLWFRXOGEHDVVRFLDWHGZLWKDQ\V\PERORUREMHFWDSSHDULQJDVD³´+RZHYHU
WKHUHJLVWUDWLRQSURFHVVRIWKLVVFKHPHLVTXLWHORQJ7KHORJLQDOVREHFRPHVYHU\H[KDXVWLQJDQGVOXJJLVK

 6REUDGRDQG%LUJHW0RYDEOH)UDPH6FKHPH>@

8VHUKDV WR ORFDWH  SDVVREMHFWV RXW RI.SDVVREMHFWV2XWRI SDVVREMHFWV SDVVREMHFW LV SODFHG LQ
PRYDEOHIUDPH7KHXVHUQHHGVWRPRYHWKHIUDPHOLNHDWDSHDQGOLQHLWXSDVSHUUHJLVWHUHGDOLJQPHQWZLWK
WKHRWKHUSDVVREMHFWDVVKRZQEHORZ

482   Amish Shah et al. /  Procedia Computer Science  45 ( 2015 )  477 – 484 

)LJ0RYDEOHIUDPHVFKHPH

7KHV\VWHPUHFRPPHQGVXVLQJDERXWREMHFWVRQWKHVFUHHQ+RZHYHUGHWHFWLQJREMHFWVIURPLV
WHGLRXVDQGWLPHFRQVXPLQJ>@
2XU3URSRVHG6FKHPH
,Q WKLV VHFWLRQ ZH ZLOO FRQVLGHU D VKRXOGHU VXUILQJ UHVLVWDQW JUDSKLFDO SDVVZRUG VFKHPH EDVHG RQ 6REUDGR DQG
%LUJHWVFKHPH0RELOHIUDPHVVFKHPH7KHPRYDEOHIUDPHVFKHPHE\6REUDGRDQG%LUJHW>@LVDUHFRJQLWLRQEDVHG
JUDSKLFDO SDVVZRUG DXWKHQWLFDWLRQ VFKHPH 7R DOORZ WKH XVHU WR TXLFNO\ UHFRJQL]H WKH SDVVZRUG V\PEROV RQ WKH
VFUHHQZHSURSRVHWKDWLQVWHDGRIXVLQJREMHFWVLQLPDJHVXVHWH[WVLQLPDJHVZKLFKZLOOOHDGWRTXLFNHUUHFRJQLWLRQ
DQGKHQFHZHFDQPDNHXVHRIPRUH LPDJHV WKDWZLOO LQ WXUQ OHDG WRKLJKHUSDVVZRUGVSDFH >@$VLPSOH ORJLQ
VFUHHQFDQEHVKRZQEHORZ

)LJ6LPSOHORJLQVFUHHQH[DPSOH

7KHXVHUFDQVHOHFWDQDOSKDQXPHULFSDVVSKUDVHDWWKHWLPHRIUHJLVWUDWLRQ)RUVLPSOLFLW\ZHDVVXPHWKDWWKHXVHU
ZLOOFKRRVHDSDVVZRUGFRQWDLQLQJRQO\DOSKDEHWVZLWKOHQJWKRIVL[$OVRZHFRQVLGHUWKDWHDFKLPDJHRQWKHORJLQ
SDJHFRQWDLQ WZRFKDUDFWHUV LQ LW6XSSRVH LI WKHSDVVZRUG LVDEEFE]7KHXVHUZLOOKDYHPRYH WKH IUDPHVZLWK
FKDUDFWHUVDEEFDQGE]DQGDUUDQJHWKHPDVSHUWKHDOLJQPHQWFKRVHQGXULQJUHJLVWUDWLRQ7KHXVHUFDQPRYH
HDFKIUDPHDURZRUDFROXPQ LQ WKHJULGZKLFKZRXOG LQFUHDVHXVDELOLW\DQGUHGXFHUDQGRPORJLQ7RHQKDQFH
UHFRJQLVDELOLW\ZHFDQDUUDQJHWKHDOSKDQXPHULFFKDUDFWHUVLQVSHFLILFSDWWHUQVIRUHYHU\QHZORJLQVHVVLRQ6RPH
H[DPSOHVRIWKHSDWWHUQVDUHGLVSOD\HGEHORZ

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
)LJD6SLUDO,QZDUGSDWWHUQE'RZQZDUG=LJ=DJSDWWHUQFGHJUHHSDWWHUQ

:HFDQKDYHPDQ\VXFKSDWWHUQV+RZHYHUZHFDQQRWLQFOXGHSDWWHUQVZLWKDOOFKDUDFWHUVDUUDQJHGKRUL]RQWDOO\RU
YHUWLFDOO\DVVKRZQEHORZEHFDXVHLWZLOOJLYHDKLQWDERXWWKHSDVVZRUGGHSHQGLQJXSRQWKHIUDPHVEHLQJPRYHGLQ
OHIWULJKWRUWRSGRZQGLUHFWLRQV


)LJ+RUL]RQWDO$UUDQJHPHQW
)XWXUH:RUNDQG&RQFOXVLRQ
,Q WKLV SDSHU ZH SUHVHQWHG D JUDSKLFDO VKRXOGHU VXUILQJ UHVLVWDQW VFKHPH LQ ZKLFK WKH XVHU FDQ HIILFLHQWO\ DQG
HIIRUWOHVVO\ FRPSOHWH WKH ORJLQ SURFHVVZLWKRXW EHLQJ FRQFHUQHG DERXW VKRXOGHU VXUILQJ DWWDFNV )URP D VHFXULW\
SHUVSHFWLYHWKLVH[SORUDWLRQLVDQWLFLSDWHGWREROVWHUWKHGHYHORSPHQWRIJUDSKLFDOSDVVZRUGVHVSHFLDOO\UHFRJQLWLRQ
EDVHG2XU UHVHDUFK VKRZV WKDW WKH IXWXUH GHYHORSPHQWV LQ WKH ILHOG RI UHFRJQLWLRQEDVHG VKRXOG FRQFHQWUDWH RQ
HQULFKLQJWKHORJLQWLPHXVDELOLW\DQGFRJQL]DELOLW\6RDPHWKRGIRUFRQWUDFWLQJWKHWLPHJDSLQWKHDXWKHQWLFDWLRQ
SURFHVV DQG EDODQFLQJ XVDELOLW\ ZLOO OHDG WR EHWWHU JUDSKLFDO SDVVZRUG V\VWHPV $OVR PDNLQJ WKHVH VFKHPHV
DYDLODEOHRQDOOSODWIRUPVLVDQRWKHUDUHDIRUIXWXUHUHVHDUFK
$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR WKDQN RXU KRQRUDEOH 3ULQFLSDO 'U +DUL 9DVXGHYDQ RI 'ZDUNDGDV - 6DQJKYL &ROOHJH RI
(QJLQHHULQJDQG'U$5-RVKL+HDGRI'HSDUWPHQWRI,QIRUPDWLRQ7HFKQRORJ\IRUJLYLQJXVDFFHVVWRFRPSXWHU
ODERUDWRULHVDQGRWKHUUHVHDUFKPDWHULDOV:HZRXOGOLNHWRWKDQN3URI$UMXQ-DLVZDODQG3URI0LFKHOOH'
VLOYDIRU
JXLGLQJ XV LQ WKLV SDSHU:H ZRXOG DOVR OLNH WR WKDQN 69.0 IRU HQFRXUDJLQJ DQG SURPRWLQJ VXFK UHVHDUFK
DFWLYLWLHV
5HIHUHQFHV
6REUDGR/DQG%LUJHW-³*UDSKLFDO3DVVZRUGV´7KH5XWJHUV6FKRODU5XWKJHUV8QLYHUVLW\1HZ-HUVH\9RO¶
6KRXOGHU6KXIIOLQJ)UHH*UDSKLFDO/RFNHUIRU$QGURLG*UDSKLFDO3DWWHUQ/RFNZLWK7H[W6XSSRUWIRU$QGURLG'HYLFHV,QWHUQDWLRQDO-RXUQDO
RI$GYDQFHG5HVHDUFKLQ&RPSXWHU6FLHQFH
5HDO8VHU&RUSRUDWLRQ3DVVIDFHV70ZZZUHDOXVHUFRP$FFHVVHGRQ-DQXDU\¶
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-HQVHQHWDO0HWKRG³3LFWXUH3DVVZRUG$9LVXDO/RJLQ7HFKQLTXHIRU0RELOH'HYLFHV´1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\
1,67,5
'KDPLJDDQG3HULJ0HWKRG5'KDPLMDDQG$3HUULJµ'pMjYX$8VHU6WXG\8VLQJ,PDJHVIRU$XWKHQWLFDWLRQ¶86(1,;6HFXULW\
6\PSRVLXP
³5HFRJQLWLRQPHPRU\IRUZRUGVVHQWHQFHVDQGSLFWXUHV´IURPWKH-RXUQDORI9HUEDO/HDUQLQJDQG9HUEDO%HKDYLRXUYROSSIURP
WR
1RUPDQ7KH'HVLJQRI(YHU\GD\7KLQJV%DVLF%RRNV1<
6KHSDUG515HFRJQLWLRQPHPRU\IRUZRUGVVHQWHQFHVDQGSLFWXUHV-RXUQDORI9HUEDO/HDUQLQJDQG9HUEDO%HKDYLRU
³$SDVVZRUGVFKHPHVWURQJO\UHVLVWDQWWRVS\ZDUH´%+DZHV'+RQJ00DWKHZVDQG60DQLQ3URFHHGLQJVRI,QWHUQDWLRQDOFRQIHUHQFHRQ
VHFXULW\DQGPDQDJHPHQWDW/DV9HUJDV1HYDGD
KWWSVVLWHVJRRJOHFRPVLWHSDVVGLUHFWLRQV+RPHUHVRXUFHVFRPSDULVLRQWDEOH
6:LHGHQEHFN-:DWHUV-&%LUJHW$%URGVNL\10HPRQCC$XWKHQWLFDWLRQXVLQJJUDSKLFDOSDVVZRUGV(IIHFWVRIWROHUDQFHDQGLPDJH
FKRLFH
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